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ABSTRACT

If the beamseparationd at the first parasitic collision (PC) is varied while all other
parametersemainfixed, the core of the two beamssampledifferent working points dueto d
dependence of the beam-beam tune shift produced by the Bi5 hote we presenta beam-beam
simulationfor the APIARY 6.3D and APIARY 7.5 designsin which we compensatdor this
d—dependentune shift by appropriatechangesn the working point. This is donein sucha way
that the tunes of the particle at the center of each beam remairafiteslvaluescorrespondindo
the nominal PC separation. The entirgalysisis donefor two valuesof the synchrotrontune of
the low-energy beam (LEB), namakg = 0.0403and ve+ = 0.05. In generalthe beamblowup
curves are smoothevith tune compensatiorthan without, andthe performances slightly better
for vs+ = 0.05 than fowst+ = 0.0403.

1. Introduction

Most of the beam-beam simulation studies for PEP-II presented in thé, @0Re Design
Updaté& (DU) and in previous notés® havefocusedon the adequacyof the beamseparatiord at
the first PC. For this reason many of tlesultshavebeenpresentedn the form of plotsin which
the four beam blowup factors o/op are plotted against d/opx +, where opy + is the nominal
horizontal rms beam size of the LEB at the PC locatiothdseblowup plots the beamseparation,
d, is taken as a free parameter that is varied while all other parameters are kept fixed.

In particular, in these plots tttbare lattice” working point of eachbeamis kept fixed for
all valuesof d. Consequentlydueto the fact that the PCsinducea d-dependenbeam-beantune
shift, the core of the beams sample different areas of the tune plhisevasied. Since thevorking
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point was selected fromtane scanwith d fixed at its nominal value,the blowup plots obtainedat
fixed bare-lattice tunes involve this spurious effect, which we assess in this note.

In addition,for historicalreasonghat are now irrelevant,all beam-beansimulationsso far
have been done f@a LEB synchrotrontune vs+ = 0.0403.In fact, in the CDR andin the DU the
stated RF parameters atie expectednomentumcompactionfactor of the LER are suchthatthe
synchrotron tune is, insteads+ = 0.05. For this reasonjn this note we also presentcomparisons
betweenbeam-beansimulationsfor thesetwo valuesof vs+ (the HEB synchrotrontune is held
fixed at its nominal valuajs_ = 0.052, which is the value we have always used).

We presentsimulationsfor the CDR designAPIARY 6.3D andthe DU designAPIARY
7.5 in which the bare-latticetunesare adjustedn sucha way thatthe beamcenterremainsin the
sameplace of the tune planeas d is changedaway from its nominal value (d= 2.82 mm for
APIARY 6.3D ord = 3.498 mm for APIARY7.5). We call this adjustmenttune compensation.”
For eachof thesecaseswe carry out the simulationfor vsy = 0.04030r 0.05. Thus there are
altogether 8 cases presented in this note. We conclude the followigr{@)mances better(i.e,,
beam blowup is less) far: = 0.05 than for 0.0403 fdyoth designs althoughthe improvements
more noticeablefor APIARY 6.3D thanfor APIARY 7.5. (2) The beamblowup curves(o/og vs.
d/opx +) are clearly smoother with tune compensation than withmecompensatiorior APIARY
6.3D for either value of vsy. This is not true of APIARY 7.5: the beam blowup curves are
qualitatively similar whetheror not tune compensations used.(3) In any case,APIARY 7.5 is
clearly favoredover APIARY 6.3D on accountof the larger value of d/opx + at the first PC. In
Section 4 we offer a plausible hypothesis for the difference in behavior between the two designs.

2. Definition of tune compensation

In lowest-order approximation, the contribution freach PCto the beam-beanparameter
of a positron at the center of the LEB %5
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with corresponding expressions for the central electron in the HEB, obfednedhe aboveby the
exchanget ~ —. Also in lowest order approximation,the actual horizontal tune of the central
positron is approximately given by

V)C<,t5-: Vx,+téox,+F 25552)(0') (2)

wherevy+ is the “bare lattice” tune, anfdy + is the beam-beanparametenf the main collision at

the IP. The expressiondor the remaining three tunes are obtained from the above by the
substitutions+ ~ —and/orx - y. The factor of 2 in front of the PC beam-beanparameter
accounts for the two PCs experienced by the positron in each turn (one on either side of the IP).



Previoud tunescansfor APIARY 6.3D, which includedthe effects from the PCs at the
nominal separatiord(= 2.82 mm ) suggest a bare-lattigerking point (vx ,vy ) = (0.64,0.57) for
both beams (the integpartsof the tunesareirrelevantfor our presentpurposes)Tune scansfor
APIARY 7.5 d = 3.498 mm) also suggéshe working point (0.64, 0.57), although thesansare
not as fine as those f&PIARY 6.3D. From Tables1 and 2, which containthe nominal valuesof
the parameters for both designs, respectively, we obtain

APIARY 6.3D: [e§:9=—0.000544, &5 =+0.009097 -
|&9=-0.000234, &= +0.002345
and
APIARY 7.5: [65:9=-0000336, &6, =+0.006200 @
|£$9= —0.000150, 57 = +0.001553
These values lead, in turn, to the following central-particle tunes:
APIARY 6.3D: | V(X:t: 0.668911, V§tr+ 0.618195 ©
Ve =0.669529, Vi =0.604691
and
ctr — tr —
APIARY 75 |VE%=0669327,  15%=0.612400 o

|vEr =0.669701, W =0.603104

Our prescriptionfor tune compensations, then, the following: when d takeson values
different from 2.82 mm for APIARY 6.3D or 3.498 mior APIARY 7.5, the barelattice tunesare
varied away from (0.64, 0.53&ccordingto Egs.(1-2) in sucha way that the central-particleunes
remain fixed at the values given by Eqgs. (5) or (6), respectively.

3. Assumptions

The assumptionsisedin our beam-beanstudiesare spelledout in detail elsewheré:—’
Here is a summary:

We consider onlyhe linear approximationto the lattice, which is thereforefully described
by the tunes,the lattice functions at the IP and PCs, and the intervening phaseadvancesWe
imaginethe lattice divided up into two symmetrical’short” arcs,from the IP to eachof the two
PCs,and one “long” arc, from one PC to the other. The lattice functions and phaseadvances
Av are listed in Tables 1 and 2. The latiseunedby changingthe phaseadvanceof the long arc;
the phase advancds of the short arcs remain fixed.



The RF wavelength ARF, is 0.6298 m, and we consideronly the nominal value for the

bunch spacing, namelgg = 2Arg = 1.2596m. Thereforethe first PC occursat a distanceds =
0.6298 m from the IP.

The nominalbeam-beanparameteig is 0.03 (all four beam-beanparametersre equal),
andthe nominal luminosity is £o = 3 x 1033 cm2 s1. The resultantnumbersof particlesper
bunch, nominal emittances, rms beam sizes and rms angular divergences at thet#?rameecby
the lattice functions, collision frequency, athe primary parameter€g and £, andarealsolisted
in the tables.The rms bunchlength gy, rms energyspreadog/E and synchrotrontune vg are
different for the two beams, but are held fixed at their specified valuesdvhehanged.

As mentionedn Sectionl, the value of the synchrotrontune of the LEB we haveusedso
far is vs+ = 0.0403.The RF parametersn Tables1 and 2, particularly peak voltage Vrg and
momentum compaction factar, are consistent witthis value. However,the value specifiedin the
CDR and DU is, insteadsy = 0.05. Thecorrespondingpeakvoltageis VRg = 9.5 MV and,even
though details of the LER lattice remain to be finalized, its momentumcompaction factor is
expected to be closén a = 1.5 x 10-3 thanto 1.15 x 10-3, which is the valuelisted in the tables
below. We have carried out simulations for both values of the LEB synchrotrorAgimentioned
in the previousparagraphye emphasize¢hat, whenwe changevs: from 0.0403to 0.05in these
simulations, we hold fixed the rms bunch lengths, rms energy spreads and damping times.

We useherethe simulationcode TRS,” whosedetailsare explainedin Ref. 1. In all cases
presentechere we have chosen256 “superparticles” per bunch divided longitudinally into five
slices,or bins, in orderto representhe thick lens effects during the beam-beancollision. In all
cases we have run the simulations for 25,000 turns, or &®uatampingtimes. The beamblowup
plottedin the figures belowis determinecdby averagingover the last 2,500 turns of the run. The
code was run on a Cray-2S/8128 computéEBRSC. Undertheseconditions(256 superparticles
per beam,5 slicesand 25,000turns), eachrun takes~22 CPU min, and the CPU time scales
approximately linearly with any of these three variables in this parameter regime.

4. Discussion of results and conclusions

The resultof the simulationsfor APIARY 6.3D aredisplayedin Fig. 1, which showsthe
beam blowup factorg/oy vs.the normalized PC separatiafigpy +. As explained above, in theo
top plots (*no tune compensation”) we varyhile keepingall other parameterdixed. In the two
bottom plots (“with tune compensation”) we vahg nominalworking pointswith d asexplained
in Sec.2. The nominal value of the PC separationd =2.82 mm, is indicated by an arrow; it
correspondsgo d/ogy +=7.57. The two plots on the left have an LEB synchrotrontune vs+ =
0.0403, while those on the right hawg = 0.05. Asmentionedabove,in going from vsy = 0.0403
to vs+ = 0.05 we have held fixed the bunch lengths, energy spreads and dampin@hieep.left
figure (case 6A) is reproduced from Ref. 3.



Figure 2 showsthe correspondingsimulationresultsfor the caseof APIARY 7.5. The
nominal value of the PC separatidn;3.498mm, is indicatedby the arrow, andit correspondsin
this case, tal/opgx +=9.64. The top left figure (case 7Al) is reproduced from Ref. 4.

In the simulationsfor APIARY 6.3D (Fig. 1) the normalized PC separationd/opx + is
varied from 4 to 11 (4 to 12 in the caseAPIARY 7.5, Fig. 2); the correspondingariation of the
working point due to the tune compensations largestfor the vertical tune of the LER, and it
amounts ta@v = 0.01. Variations of thisize are well within the tuning rangeof existingmachines
such as CESR, even when the beams are in colfision.

We summarize our conclusions as follows:

(1) By making “horizontal” comparisons in Figs. 1 and 2, we concludeptrédrmanceas
better(i.e., beamblowup s less) for vs. = 0.05 than for 0.0403for both designs,althoughthe
improvement is more noticeable for APIARY 6.3D thanABHARY 7.5. This improvementseems
to run counterto one of the ingredientsof “transparencysymmetry,” which requires,among
others, the equaliti@s
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In fact, theparametersn Tables1 or 2 violate theseequalitiesat the ~40% level for vs =
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G}
m<

_ o0 O _Dazvs
E DE and O ~0O,0
By O 0

.
0B OBy, O ")

<0
I -

EB_H =1.07x1073 é%—‘ég =6.93x107
X X —
(8)
0
E‘iﬁ =2.69x1072, E‘%H =1.73%x1072
y L.
and at the ~90% level fok, = 0.05,
EU(VSD -3 EU D -4
Vst =1.33x1073, =6.93x10
950 g Syce|
9)

H,v U

B—H =3.33x107%, o

- =1.73x1072
H -

DT



It is thereforeinterestingthat performances improved, albeit slightly, when the violation of the
equalityis increasedWe believe that a more refined tune scanfor APIARY 7.5 would reveala
working point slightly away from (0.64, 0.57) which would imply a relative improvementin

behaviorcomparablégo thatseenin APIARY 6.3D. We also conjecturethat, generallyspeaking,
whena “good” working point hasbeenfound, suchas (0.64,0.57) for eitherdesign,luminosity
performance becomes much more sensitive to slight chamgi@sworking point thanto relatively
large departures from transparency symmetry.

(2) By making*“vertical” comparisonsn Fig. 1, we seethat the beamblowup curvesare
clearly smootherandflatter with tune compensatiorthanwithout tune compensatiotior APIARY
6.3D for either value ofs+, down to some “threshold” value dfopy + wherebeamblowup takes
off rapidly. This shows that the smoother increase irbtbeup curvesin the uncompensatedase
is dueto the beamcore moving aroundin tune space For APIARY 7.5, the curvesin Fig. 2 are
gualitatively similar whether or not tune compensatiamsisd.Sinceall tune compensatioroesis
to keep the beam core at a fixed working poird earies, this observatiomeansthat, for APIARY
7.5, the observedlowup is probablycausedoy a few particlesawayfrom the beamcenter. This
meansthat a better working point can probably be found for APIARY 7.5 quite closeto (0.64,
0.57).From theseresultsone can also say that the uncompensatedimulations,which havethe
advantage of being simpler, are reliable, if slightly pessimistic, guides to beam blowup behavior.

(3) In any case, APIARY 7.5 is clearly favored over APIABRBD on accountof the larger
nominal value ofl/opx +, which provides a larger safety margin for the design paracheter
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TABLE 1

APIARY 6.3D PRIMARY PARAMETERS
Nominal CDR case;¥o=3x 1033cm2sl; &=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
o [em] 1.0 1.0
oe/E 1.00x 10-3 0.616x 10-3
N 5.630x 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olby [um] 7.426 7.426
Ty [turns] 5,014 5,014
Ty [turns] 5,014 5,014




TABLE 1 (contd.)

APIARY 6.3D IP AND PC PARAMETERS
Nominal CDR case;¥o=3x 1033cm2sl; &=0.03

LER (e") HER (&)
As [cm] 62.9816
d [mm] 2.82

P 1st PC IP 1st PC
Avy 0 0.1643 0 0.1111
Avy 0 0.2462 0 0.2424
Bx [m] 0.375 1.51 0.750 1.30
By [m] 0.015 25.23 0.030 13.01
ay 0 —2.42 0 ~1.06
ay 0 -29.25 0 -18.74
Oox [HmM] 185.6 372.4 185.6 244.4
ooy [HM] 7.426 304.5 7.426 154.6
Oox [mrad] 0.495 0.646 0.248 0.274
ooy [mrad] 0.495 0.353 0.248 0.223
d/oox 0 7.570 0 11.538
ox 0.03 —0.000544 0.03 ~0.000234
oy 0.03 +0.009097 0.03 +0.002345
Eox,tot?) 0.0289 0.0295
oy tot?) 0.0482 0.0347

a) The total nominal beam-beam parameter is defineddg e fé'P)+2§éPC3_



TABLE 2

APIARY 7.5 PRIMARY PARAMETERS
Nominal DU case; £g=3x 1033cm2s1 &=0.03

LER (et) HER (e)
$olecm2s] 3x1033
C[m] 2199.32 2199.32
E [GeV] 3.1 9.0
sg [M] 1.2596 1.2596
fc [MHZ] 238.000
VRE [MV] 8.0 18.5
frRE [MHZ] 476.000 476.000
@s [deg] 170.6 168.7
a 1.15% 10-3 2.41x 10-3
Vs 0.0403 0.0520
o [em] 1.0 1.0
o= = 1.00x 10-3 0.616x 10-3
N 5.630% 1010 3.878x 1010
I[A] 2.147 1.479
&ox [nm-rad] 91.90 45.95
oy [Nnm-rad] 3.676 1.838
B x [m] 0.375 0.750
By [m] 0.015 0.030
0 0x [um] 185.6 185.6
olhy [um] 7.426 7.426
Ty [turns] 5,014 5,014
Ty [turns] 5,014 5,014
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TABLE 2 (contd.)

APIARY 7.5 IP AND PC PARAMETERS
Nominal DU case; £g=3x 1033cm2s1 &=0.03

LER (&%) HER (&)

As [cm] 62.9816
d [mm] 3.498

P 1st PC P 1st PC
Avy 0 0.1645 0 0.1112
Avy 0 0.2462 0 0.2424
Bx [m] 0.375 1.433 0.750 1.279
By [m] 0.015 26.46 0.030 13.25
ay 0 -1.680 0 -0.840
ay 0 ~41.988 0 —20.994
Oox [MM] 185.6 362.9 185.6 242.4
Ooy [HM] 7.426 311.9 7.426 156.1
Oox [mrad] 0.495 0.495 0.248 0.248
ooy [mrad] 0.495 0.495 0.248 0.248
d/oox 0 9.639 0 14.429
ox 0.03 —0.000336 0.03 —0.000150
oy 0.03 +0.006200 0.03 +0.001553
Eox,tot ) 0.0293 0.0297
oy tot?) 0.0424 0.0331

a) The total nominal beam-beam parameter is defineddg e fé'P)+2§éPC3_
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